ABSTRACT Doing scientific research can be a challenging, but creative and rewarding career. However, the challenge of doing research is orders of magnitude more difficult for scientists lacking access to the necessary resources. Resource-scarce environments are quite common worldwide and are highly contingent on the financial and social climate of one's location. Through the experiences of four scientists, this Perspective explores the challenges associated with doing research in disadvantaged socioeconomic circumstances. By reflecting on the humble beginnings of these scientists, we examine the motivation to stay in or leave one's home country, and how hardships can be leveraged to cultivate passionate and productive researchers.
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In countries that recognize and prioritize the value of research, a day in a well-funded academic lab is a smooth ride. Although little inconveniences never fail to occur, overall, you can be confident in having access to most resources necessary to move a research project forward. However, in other areas of the globe, where social and economic conditions are poor, scientists face a very different reality.
My first research experience was as an undergraduate student in a laboratory in Greece during the financial crisis of the late 2000s. Amidst the country's collapsing economy, our lab's tiny budget was not enough to cover even basic necessities and graduate students worked without pay. We reused and hand-washed plastic conical tubes, pipette tips, and glass serological pipettes with dish soap that we bought ourselves. To autoclave our plasticware and glassware, we manually filled our autoclave with distilled water for ironing. We routinely paid out of pocket for supplies that could be purchased from the local supermarket or pharmacy, such as paper towels, syringes, and gauzes, which were folded a few times to serve as 0.45 μm filters. Everything in the lab was reused and recycled, not because we were eco-conscious, but because it was an absolute necessity for our ability to do science.
In this environment of poverty, most of our time and energy went into overcoming obstacles and finding creative solutions to keep our research going. The majority of our equipment was donated and extremely old. And there were no service contracts! We were trained not just on how to use the equipment, but also on all their glitches and how to repair them. If something broke, we fixed it ourselves. When the autoclave broke beyond repair, we used pressure cookers that we brought from our home kitchens. Repurposing home appliances was a common practice. In the lab, students had brought refrigerators, microwaves, and a bread toaster that had been converted into a hot plate. Most of our reagents were salvaged from more affluent labs outside Greece and were long past expiration dates. When Greek principal investigators visited labs in other European countries, they brought back expired reagents that we relished as precious gifts. On the rare occasions when we had money to order a new reagent, we expected it to arrive in four to eight weeks, and the cost was inflated due to a multitude of middlemen and bureaucratic fees. Hence, each microliter of an enzyme and antibody was extremely precious and carefully accounted for. There was no room for waste; experiments were planned down to the last detail before we even touched a pipette. Each experiment was done with extreme care and personal investment.
These experiences are very common among scientists who have done research in underfunded labs and developing countries. However, it leads one to ask, how can researchers maintain their passion for science in environments that are so punishing? What motivates them to stay in their home countries or to decide to leave? How is it possible for individuals that come from such underprivileged backgrounds to become successful? To help answer these questions, I interviewed three scientists with unique life experiences and perspectives on doing science under daunting conditions (Figure 1) .
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TRANSITIONING FROM SOCIOPOLITICAL BARRIERS TO GREATER OPPORTUNITY
Roberto Dominguez, a professor of physiology at the University of Pennsylvania, began his research career in Cuba and Europe. His early experiences were similar to mine, but he did not perceive them as particularly bad. "Material needs didn't come to mind," he said. He added that "there is equilibrium in poverty," meaning that conditions are accepted as the established norm and one doesn't think beyond what's available to them. To do science under these circumstances, Dominguez feels that you have to be extremely driven and self-motivated. Scientific research is not a lucrative career; you do it because you love it.
During his scientific upbringing, one of the biggest barriers for Dominguez was the lack of access to information and an established science culture. When he began his training in Cuba, a linguistic barrier was immediately apparent. Classes were taught in Spanish, while the language of science is English. As he put it, "science is a western enterprise." There was limited access to journals and he often wrote to the authors of an article, requesting to mail him a reprint, which would arrive months later (this was before the digital age of electronic publishing). He received little training in presenting results and communicating his science, and he had very few opportunities to attend conferences and receive any feedback on his work. Scientific research is an enterprise that takes pride in its global inclusion of all, but the reality is less fair. Location determines opportunity and access to resources. If you are in a less affluent part of the world, it is not easy to have a speaker visit for a seminar and you often lack the funds to attend a meeting outside your native country.
In his career, Dominguez moved from the former USSR to Cuba, Belgium, Germany, France, and finally, the United States, where he has lived and worked for the past 22 years. Doing science in the USSR and Cuba during the Cold War, countries that were isolated from the rest of the world, made it nearly impossible to publish research in mainstream journals. Importantly, he found that success in these countries depended more on the people you know than the merit and quality of the research. Although the political climate and commitment to research has fluctuated since his arrival in the United States, Dominguez feels that the United States remains a meritocratic country with many opportunities. People are judged by their achievements and immigrants have opportunities to succeed. "In the US, you get to bat, but in poor countries you stay on the bench," he said jokingly by making a baseball analogy. However, there are some notable flaws in how research is done in the United States. The rapid pace of science results in an unintentional waste of resources. There is less sharing and more redundancy and waste. Instead of "reuse and recycle," there is a push to constantly replace. Nonetheless, in the United States he found equal opportunity and the platform to produce outstanding science. Although it is never easy for immigrants, who often feel like they do not belong or fit in, Dominguez believes that diversity in the United States is like no other place. Coming from humble beginnings, you are always grateful and mindful of the privilege of realizing your full potential and love for science in a country like the United States.
STAYING IN A COUNTRY WHERE RESEARCH IS A DAUNTING CHALLENGE
What about scientists who remain in their native countries in spite of the challenges they face? To gain more insight into this question, I spoke to Napoleão F. Valadares, a professor of structural biology in the Department of Cell Biology at the University of Brasilia in Brazil. Valadares was educated in Brazil, but during his PhD worked in a lab in Roche Palo Alto, LCC (Palo Alto, CA), and during his postdoctoral training, he worked in U.S. labs as a visiting fellow. Brazil is a country that suffers from extreme inequalities in wealth and education. In the late 2000s, there was a boost in research funding, but in recent years funding has waned. Valadares feels fortunate that he secured an academic position in 2014. He is happy with his department and is pleased with the research instrumentation and infrastructure. He notes, however, that there are only a few qualified people who can use the instrumentation. If something breaks, it will stay broken until a grant is awarded that can fund the repair. On occasion, he has to hand-wash and reuse tubes and put a lot of personal work in the lab, but he says that he doesn't mind it at all.
As Valadares talked to me about the nuances of the academic system in Brazil, and explained some of the inherent challenges of doing research there, I couldn't help but ask why he chose to stay. Valadares' answer was simple: he is having fun. He feels that he has freedom in his research and he is making a difference in the lives of his students. There are challenges, but they haven't shaken his commitment and passion for science. "It can be frustrating," he comments, "I spend nights writing grants and I don't get the money, but I feel [my grants] are well written, I did my job well." He compared the struggle to protein crystallography. "Sometimes you try to produce your crystals-you try again and again and it doesn't work-I can have new tubes and fancy buffers that increase my odds, but it's still not guaranteed." He believes that his struggles are a good lesson for his students.
Owing to the structure of the academic system in Brazil, Valadares can't recruit PhD students to his lab. He can only train undergraduates and comentor graduate students. To attract students, he has taken a new approach. He advertises opportunities for research in his lab as a boot-camp-like training experience. "Everything from making an agarose gel to x-ray crystallography." He believes you need to fully invest your time in order to recoup trust and work of high quality. Some of his trainees stay in the lab well after the bootcamp period and earn authorships on publications. Although classes are taught in Portuguese, Valadares insists that his students write, present, and discuss research in English. He requires his students to attend conferences and pays for their attendance and posters out of his own pocket. Valadares also pays out of pocket for lab reagents and trips to the synchrotron, where his lab performs x-ray diffraction experiments. "If I don't pay, I will end up doing nothing or very little. I don't mind spending my own money for research." I asked whether the students contribute financially as well. He said emphatically, "no, of course not!," but he pushes them to apply for funding and opportunities that enable them to do research outside Brazil. He feels that students must gain new life experiences and practice the English language, as it will make them better scientists and professionals.
In his efforts to do quality science with limited resources, Valadares has sought collaborations with scientists in Europe, the United States, and India. He has found that U.S. scientists are not particularly open to sharing published reagents and collaborating. His positive spirit is not dampened. He never loses faith and keeps reaching out to other scientists in the hopes of fruitful collaborations and doing "fun science," as he put it.
DOING SCIENCE CAN BE CHALLENGING EVEN WITHIN PROSPEROUS COUNTRIES
Even in rich countries like the United States, research can be challenging in underprivileged or remote areas and institutions. I spoke with Alejandra S. Laureano-Ruiz, who is currently a graduate student at Rutgers University but went to college at the University of Puerto Rico. Alejandra's undergraduate research experience was more fortunate than others as her lab had sufficient funding. However, the challenge was in trying to spend it. Puerto Rico suffers from excessive bureaucracy and ordering is not done electronically. On the contrary, it involves manual processing of paperwork, which is slow and inefficient. In addition, most reagents are flown in from the continental United States, which more than doubles the price and increases the delivery time. Some reagents (e.g., ethanol) can't be flown in due to flight safety regulations and are shipped by boat, which results in weeks of delay. Thus, labs must have an effective organizational system and must carefully plan for the timely delivery of all reagents. This is particularly challenging, as it is not common for Puerto Rican labs to have technicians. Similarly, the inefficient bureaucracy and remote location of Puerto Rico impacts equipment and facility upkeep, which is often neglected. As one would expect, these hardships are exacerbated in the face of extreme weather phenomena. "I don't even know what might have happened with, for example, the animal facility with the hurricane," Alejandra tells me as she reflects on hurricane Maria, which hit Puerto Rico recently with devastating consequences. Despite these challenges, Alejandra enjoyed her time in the lab. She liked doing science and bonding with the other students working with her. She described the environment as "more relaxed and friendly." However, Alejandra couldn't help but notice some of the same issues with the academic system in Puerto Rico as Valadares described for Brazil and Dominguez experienced in Cuba and even Europe. Alejandra noted, "You need networking to get a job." The most qualified person is not who gets the job. In contrast, connections help in the United States, but everyone still gets to compete for a job. In Puerto Rico, there is limited room for growth, and nepotism as well as sexism are common in the workplace.
Alejandra decided to leave because she yearned for more opportunities and diversity. Although she found that her undergraduate education experience was excellent, she felt that she would have not been able to develop her skills to their full potential as a graduate student in Puerto Rico. Alejandra felt that the limited resources and slow pace wouldn't make her as competitive. She also noted that "soft skills" such as writing and science presentation are not generally prioritized in the Puerto Rican graduate system. When I asked Alejandra whether she would consider going back, she told me she will probably not. "I am interested in an academic career and I feel I can use my position as an ambassador to help women and minorities go into research."
HOW CAN CONDITIONS BE IMPROVED AND WHAT CAN WE LEARN FROM SCIENTISTS WORKING IN UNDERFUNDED LABORATORIES?
Unfortunately, there are no simple solutions for how to improve the circumstances of underfunded laboratories in developing countries. The reality of daunting social and economic inequalities on a global scale is hard to overcome. Equipment donations along with increased funding for competitive research programs would be helpful, but a more systemic cultural change toward government efficiency, prioritizing education, and meritocracy is needed. I asked Roberto Dominguez and Napoleão Valadares as well as Alejandra Laureano-Ruiz what changes could improve conditions for researchers in developing countries. They all agreed on updating administration processing and decreasing bureaucracy. "Modernize and digitalize!" Alejandra said emphatically. In addition, Valadares believes the solution lies in improving access and quality of early student schooling. "We need to invest more in our education system," he said. Importantly, career advancement and academic appointments should be based on the candidate's abilities and not their political connections.
Outstanding scientific research is nearly impossible to achieve in isolation. Thus, it is important that scientists from privileged countries and institutions be open to collaborating and interacting with scientists that struggle with research in impoverished labs. Global collaboration and the unique perspectives of scientists from all over the world are essential for scientific progress. On their end, researchers in developing countries should not be hesitant to reach out to their colleagues in more developed countries. As Dominguez put it, "scientists show remarkable solidarity with their colleagues, especially if they are in less fortunate circumstances."
No matter how dire the conditions of one's research environment and experience, one thing is clear: good scientists can come from all over. Less affluent countries raise excellent researchers, who can be very successful and can make a significant impact in their fields. Perhaps the paucity of resources helps to build the skills and develop the character needed to be successful in the competitive environment of academia. Constantly running up against malfunctioning equipment, limited reagents, language barriers, and what seems like insurmountable setbacks, builds the confidence to persevere and overcome. After all, the biggest secret of the trade is that most experiments don't work out and many hypotheses will not survive the test of time and experiment. Nonetheless, if you work at a problem long enough and hard enough, you can be rewarded with amazing discoveries, universal truths that are impervious to socioeconomic circumstances.
